The Anaesthetic Mortality Committee (AMC) of Western Australia was established in 1978 by proclamation of the Health Act Amendment Act 1978 1, 2 . The Committee consists of five permanent members and seven provisional members. Its structure is shown in Appendix I.
For any particular meeting, the Chairman, having regard to the cases to be discussed, invites two of the provisional members to make up, with the five permanent members, a Committee of seven members.
In addition to the Committee, the Minister appoints a specialist anaesthetist as investigator.
REPORTING OF DEATHS RELATED TO ANAESTHESIA
Deaths occurring within 48 hours of an anaesthetic or deaths where the anaesthetic is thought to have been a contributing factor must be reported to the Commissioner of Health.
INVESTIGATION OF ANAESTHETIC DEATHS
The Commissioner, on receipt of a report of an anaesthetic death, directs the investigator to enquire into the circumstances of the death. If the investi-gator finds that the death is not likely to have been due to the anaesthetic, he or she reports as much to the Commissioner, and that, as far as the AMC is concerned, is the end of the matter. If the investigator is of the opinion that the death is likely to have been due in some measure to the anaesthetic, he prepares a case report for the Chairman of the AMC.
SCOPE OF THE INVESTIGATOR
The investigator receives a report from the anaesthetist concerned. It is usually possible to make a decision based on this report. If not, the investigator may request further information. This is usually in the form of the hospital file and the autopsy report which are always made available by the relevant authorities. The investigator may also interview the anaesthetist or any other persons likely to assist in the investigation. No-one else on the Committee is entitled to communicate with any person mentioned in the investigator's report unless that person makes a request in writing.
CALLING A MEETING
The Chairman, having received the reports, selects two provisional members to make up the Committee of seven. The report is then considered by the Committee which determines the cause of death and whether the conduct of the anaesthetic played any part. The Committee classifies each case in terms of the National Health and Medical Research Council (NH&MRC) classification which is described later. This allows use of the data for statistical purposes. The Committee may then add any constructive comments which it thinks fit. The Chairman then writes to the anaesthetist concerned, outlining the Committee's opinions and comments. This is the end of the matter in most cases, although it is theoretically possible for an anaesthetist, dissatisfied with the judgments, to request a hearing before the Committee. In practice, this has not happened.
CONFIDENTIALITY
The report of the investigator to the Chairman is in the form of a medical report with identification of persons and places removed. The Chairman knows the name of the anaesthetist as the Chairman has to write to the anaesthetist after the meeting. There are strict guidelines for dealing with the material collected by the Committee in a confidential manner. When the Committee has completed its deliberations, the material must be returned to the Commissioner for safe custody. The reports of the investigator and the determinations of the Committee may be disseminated for educational purposes, provided that persons involved are not identifiable.
The information used by the Committee and its opinions about that information are not admissible in any court of any kind, and no person furnishing information to the Committee is liable in any action for damages.
The only exception to the confidentiality clauses are the provisions of the Coroners Act 3 whereby the adducing of evidence for a serious offence would take precedence over the confidentiality clauses of the Health Act. With this in mind, the Committee has always deferred any discussion of deaths related to anaesthesia until the Coroner has brought down his report.
The Freedom of Information Act 1992 4 opened a way for the public to breech the confidentiality of the Committee. However, under the Health Services (Quality Improvement) Act, 1994 5 , the AMC was exempted from the provisions of the Freedom of Information Act. The members of the Committee believe that the Acts provide watertight protection for its deliberations and those involved in them.
REPORT ON 500 CASES INVESTIGATED BY THE ANAESTHETIC MORTALITY COMMITTEE OF WESTERN AUSTRALIA FROM FEBRUARY 1990 TO FEBRUARY 1995
In the five years from February 1990 to February 1995, 500 deaths were reported to the Commissioner of Health in response to the provisions of Section 336B of the Health Act 1911-1978 of Western Australia 2 . These were deaths occurring within 48 hours of the administration of an anaesthetic agent or as the result of any complications arising from the administration of an anaesthetic.
These 500 deaths have been analysed with regard to ASA status, age and gender of patient, type of operation, class of hospital at which the death occurred and NH&MRC classification. These categories are numbered 1 to 6 and shown below.
In 30 of the 500 deaths, the investigator was of the opinion that the anaesthetic was the cause or a contributing cause of the death of the person. These 30 cases were referred to the Anaesthetic Mortality Committee. The 30 cases have been analysed with regard to annual frequency, ASA status, age and gender of patient, type of operation, class of hospital and NH&MRC classification. These seven categories are numbered 7 to 14 and shown below.
It will be seen that not all of the cases referred to the AMC have an NH&MRC classification of I, II or III-numbers denoting an anaesthetic-related death. The reason is that the Committee found that the anaesthetic was not the cause or a contributing cause of death in four of the cases. The remaining 26 cases referred to the AMC were further analysed according to the subdivisions of the NH&MRC classification which are designed more accurately to identify the cause of death and apportion blame, if there is any, to particular areas of anaesthetic and surgical practice. The details of the classification and the analysis of the 26 cases are shown in section 14.
It will be seen that there are more than 26 factors contributing to the deaths. This is because most deaths related to anaesthesia have more than one cause. In section 15, an attempt is made to identify the single most important cause for each case. These causes are then placed in order so as to highlight those which occur most frequently.
ASA status
This refers to the American Society of Anesthesiologists' Classification of Medical Status. The classification is summarized in Table 1 .
The ASA status of the patients and the proportion of emergency to non-emergency operations is shown in Table 2 .
Age of patient
The patients were divided up by decade. An extra category for those under one year was added. The results are shown in Table 3 .
Gender
The proportion of male to female patients is shown in Table 4 .
Type of operation
The main types of operation in which deaths have occurred are shown in Table 5 .
Class of hospital where patients were treated
Records of hospitals were available only from the last 373 cases. These are shown in Table 6 .
NH&MRC Classification
This refers to the classification of causes of death used by the Working Party of the National Health and Medical Research (NH&MRC) Council 6 in its effort to produce a federal approach to the collection and analysis of data on anaesthetic deaths. The classification was conceived by Edwards et al 7 and is used by the Association of Anaesthetists of Great Britain and Ireland. The classification is shown in Table 7 .
The classification of causes of death in this series is shown in Table 8 .
Annual frequency
The number of cases referred to the AMC by the investigator each year is shown in Table 9 .
ASA status of patients and urgency of operation in
cases referred to the AMC These are shown in Table 10 . A moribund person.
Age of patients referred to the AMC
The letter E added to any of the above indicates an emergency operation. 
Gender of patients referred to the AMC
The proportion of male to female patients referred to the AMC is shown in Table 12 .
Type of operation on patients referred to AMC
These are shown in Table 13 .
12. Class of hospital at which patients referred to the AMC were treated These are shown in Table 14 .
NH&MRC classification of patients referred to
AMC This is shown in Table 15 . Table 15 .) The remaining 26 cases with a primary classification of I, II or III were further analysed according to the NH&MRC Classification of Anaesthesia-Related Factors and Causes of Death (Warden JC. Personal Communication Sept. 1991). In five of the cases, although the anaesthetic was the precipitating cause of death, no anaesthetic error was found. In the remaining 21 cases, 34 anaesthesiarelated causes were identified by the Committee. The classification of anaesthesia-related causes of death and an analysis of the 34 identified causes are shown in Table 16 .
In Table 17 , the principal anaesthesia-related cause leading to the death of the patient has been determined for each of the 21 cases and these 21 causes are presented in descending order of frequency.
DISCUSSION

The Committee
The Committee has acted as a de facto peer review committee for the anaesthetists of Western Australia since its inception. In this role, it seems to have been successful, although the quantification of such success is impossible, being an amalgamation of improvements in training, equipment and attitude. The Committee has possibly made anaesthetists more careful, less impulsive, and has certainly improved their record keeping. In its other roles of educator and gatherer of information, it has been less successful. This paper may help to remedy that deficiency.
The Committee is aware that many anaesthetists do not understand the purpose or function of the AMC. This paper is designed to explain that purpose and function.
Alterations to the Health Act
The Committee has been asked by the Minister whether it advises any alterations to the Act. There are three: 1. Section 336 B (1) Sets the time for reporting of post-anaesthetic deaths at 48 hours. The Committee recommends that this period be reduced to 24 hours. There are two reasons for this: (a) Nearly all deaths between 24 and 48 hours are either surgical or inevitable. By 24 hours, anaesthetic problems have declared themselves. In the rare instance of an anaesthetic death occurring some time after the administration of an anaesthetic, the period is usually more than 48 hours and the cases are picked up under the second part of section 336B (1) 
Section 340 BK(6)
This section states that once the Committee has made a determination, it should lodge all records with the Commissioner for safe custody. The Committee would rather see these documents destroyed, once the facts of the case have been suitably preserved for statistical purposes.
Section 340 BB(3)
This section is concerned with the constitution of the Committee. It is suggested that a general medical practitioner with a special interest in anaesthesia should be a permanent member rather than a provisional member. With general practitioners still bearing the responsibility for a large number of anaesthetics, especially in the rural areas, it is appropriate that they should be represented.
Discussion of the Cases (1) Postoperative death rate
The number of operations requiring anaesthetics performed in Western Australia is not known with any degree of accuracy. The same problem occurs in other States 8 and it has been suggested that 10% of the population gives a reasonable estimate of the number of operations requiring anaesthetics per year 6, 9 . In Western Australia, the population in 1992, the middle year of the series, was estimated to be 1,662,777 10 , giving a figure of approximately 166,000 operations requiring anaesthetics per year. If the number of deaths reported is accurate, the postoperative death rate from all causes is 500 in 5 years, 100 per year, or 1 in 1660. In fact, the Committee believes that not all deaths are reported. This is not due to wilful non-compliance but because anaesthetists, having successfully anaesthetized a patient, tend to lose track of that patient and may not be aware of his or her death at a later stage.
(2) ASA status and urgency of operation The ASA status of patients dying after anaesthesia reflects the parlous state of health in which most of these presented for operation. Nearly 85% were rated ASA 4 or 5 and nearly 65% were emergencies.
(3) Age of patient The ages of the patients reflect the disease patterns of the population. There were very few deaths under 15 years of age, an increase in the late teens and early 20s due to road trauma, a long safe period from 30 to 50, then a steep increase due to cancer and vascular problems, starting in the early 50s and rising to a peak between 70 and 80. In old age, the ravages of arthritis and osteoporosis revealed themselves in operative deaths following joint replacements and fractured femurs.
(4) Gender
This survey showed a male preponderance similar to that described in New South Wales by Warden et al 8 . Sixty-three per cent of the cases in their review were male. In the present series, 58.2% were male. Males seem to suffer disproportionately from trauma and vascular disease while female anaesthetic deaths related to maternity have been almost eliminated.
(5) Type of Operation
The types of operation most commonly associated with operative or postoperative deaths are readily predictable. Cardiac surgery, intra-abdominal catastrophes and major blood vessel surgery supply nearly 65% of the cases. At the other end of the scale, ophthalmic surgery has had no reported mortality. The remarkable safety record of ophthalmic surgery, in spite of the age and frailty of many of the patients, has been well documented 11 . On the other hand, ear, nose and throat (ENT) surgery continues to produce a small but steady stream of mishaps, often in fit young people.
(6) Class of Hospital
The major teaching hospitals do most of the worst cases and, as a result, most of the deaths occur there (88%). There does not seem to be anything remarkable about the spread of cases amongst the other hospitals.
(7) NH&MRC Classification
This classification has achieved the imprimatur of popular use. In spite of this, the AMC had difficulty in classifying the cases before it, particularly with regard to grades III, IV and V, which constituted over 90% of the total.
Take, for example, a patient with an abdominal aneurysm which is very large, likely to rupture at any minute, but symptom-free. He is operated upon, the aneurysm being successfully replaced with a graft, and the anaesthetic is faultless. However, postoperative complications set in, and despite correct treatment, he dies. How should the death be classified? It could be said that he was well until he received the anaesthetic and was operated upon. Soon after that he was dead. The anaesthetic and the surgery were thus the direct cause of the death and it should be classified III. More convincingly, one might claim that the patient was well until he underwent surgery and this was the sole precipitating cause of his death. The anaesthetic was properly performed and had no bearing on the outcome. The case should therefore be classified IV. Thirdly, one might say that the patient's disease would inevitably have been fatal. Therefore the operation was unavoidable. The operation and anaesthetic were properly performed, the complications were a known and accepted risk and the death was the end result of a chain of logical or inevitable steps, starting from the formation of the aneurysm. Therefore the case should be classified V.
In practice, the AMC classified a number of cases IV, rethought the matter and changed them to V. The classification needs to be improved if it is to be used to gather useful statistical information.
(8) Annual frequency
These figures were extracted to check that the investigator was consistent in his or her selection of cases for reference to the AMC.
(9) ASA status and urgency of operations in cases referred to the AMC ASA 1, 3 and 3 status are much more prominent in cases referred to the AMC than in the series as a whole. It is possible that ASA 1, 2 and 3 are looked at more critically by the investigator. However, one assumes that the same number of errors is made at all levels of ASA status. Why then are there so few ASA 5 cases (3.3%) referred to the Committee when they form 45.2% of the group as a whole? Perhaps part of the answer is that, because they are so ill, they receive very small doses of anaesthetics and are anaesthetized with simple, well tried techniques. It is also difficult in these patients to distinguish deterioration due to anaesthetic fault from deterioration due to progress of the condition. There may also be a reluctance to ascribe blame to those who have made often heroic efforts in hopeless circumstances.
The urgency of the operation yielded contrasting results. In 35% of the series the deaths were classified as non-emergency and 64% as emergency. However, figures were almost exactly reversed in those 30 cases referred to the AMC; 63% were classified "nonemergency" and 37% were classified "emergency". It seems likely that the same type of arguments apply as those used in the paragraph above to account for the dearth of ASA 5 cases.
(10) Gender of cases referred to the AMC
The cases referred to the AMC showed a similar disproportion of males to females as the series as a whole.
(11) Type of operation in cases referred to the AMC Fractured femur and major joint replacement accounted for eight of the cases referred to the AMC. However, of the eight cases, three were considered to have no anaesthetic fault. In the remaining five, seven anaesthesia-related causes were identified, spread over the whole spectrum of possible causes and all different. The Committee cannot therefore, make any suggestions as to how the anaesthetic death rate in these cases might be lowered, apart from counselling caution.
Deaths after major vascular and cardiac surgery were rarely referred to the AMC. These patients generally have the benefit of two or more anaesthetists, they are very thoroughly monitored and have all possible facilities for support of vital functions. It is therefore usually possible to maintain some semblance of life until it is obvious to all that there is no hope of recovery. Anaesthetic errors are detected early by the human and mechanical monitors and are corrected with the help of the support facilities. The only real chance of identifying anaesthetic errors is if the anaesthetists identify them themselves.
Ischaemic bowel, a common cause of death, was not seen at the AMC-a tribute perhaps to the simple, minimal anaesthetic techniques used in these moribund patients. Other intra-abdominal catastrophes made up about 20% of both the total cases and those referred to the AMC.
Major trauma seemed to be well handled by the emergency services and no deaths were referred to the AMC.
Intracranial pathology, e.g. cerebral tumours and cerebral haemorrhage, did not seem to pose difficult problems to the anaesthetists and no case was referred to the Committee.
Both ENT surgery and anaesthesia for renal shunts featured in the deliberations of the AMC. The hazards of ENT surgery are well-known but the Committee would like to sound a warning about surgery for renal shunts. These are amongst the most difficult patients to deal with because of their fragile health, disturbed biochemistry and surgery often complicated by many previous interventions.
The sporadic occurrence of cases in other categories does not lend itself to analysis or discussion.
(12) Class of hospital
The smaller hospitals are somewhat more commonly represented at the AMC than in the group generally. There is a higher proportion of the ASA categories 1, 2 and 3 operated on in the smaller hospitals. The reason for a higher proportion of these cases being referred to the AMC has been discussed in section 9. Table 15 shows that, of the 30 cases referred by the investigator to the AMC, four were found by the Committee to have no anaesthetic error and were classified V, VI or VII. These are excluded from the following analysis.
(13) NH&MRC classification of cases referred to the AMC
(14) NH&MRC Classification of anaesthesia-related
deaths Of the 21 cases which were classified according to the Anaesthesia-Related Factors and Causes classification, 34 causes were identified which were spread fairly evenly across the spectrum of possible causes. Only inappropriate drug dosage and inappropriate technique stood out.
Inappropriate drug dosage was seen mainly with induction of anaesthesia. Anaesthetists are urged to use simple combinations of drugs and low doses in the gravely ill and the frail. The anaesthetic can be embellished later if cardiovascular stability is demonstrated. It is of interest that Warden and Pickford 12 have recently sounded a similar warning based on the experience in New South Wales.
Inappropriate technique was, in five out of the six cases, related to the inappropriate use or mismanagement of spinal or epidural anaesthesia. The Committee was struck by the difficulties encountered by anaesthetists who administered spinal or epidural anaesthesia in the face of cardiovascular instability or continuing blood loss. Warden and Horan identified similar problems in New South Wales 15 .
It is interesting that there was no case of inadequate ventilation or inappropriate airway management. These were once notorious causes of anaesthetic deaths. Their virtual disappearance has been attributed by Keenan 13 to the introduction of the carbon dioxide monitor.
(15) Principal anaesthetic error
The principal anaesthetic error has been extracted for each case and these are shown in order, emphasizing the importance of drug dosage and anaesthetic technique in the causation of anaesthetic-related deaths.
(16) Anaesthetic death rate It is useful to make an estimate of the death rate that might be expected as a result of anaesthetic error. In five years, it is estimated that 830,000 per-sons have undergone operations requiring anaesthesia (see 1 above). In that time, there have been 21 deaths with an anaesthetic-related cause as the principal or contributing cause of death. This gives an anaesthetic death rate across the whole spectrum of hospital patients of approximately 1 in 40,000. This figure compares favourably with those found elsewhere 14 . The anaesthetic death rate from various parts of the world is reported as between 1 in 5000 and 1 in 10,000. The Special Committee Investigating Deaths Under Anaesthesia, NSW, reported a death rate of 1 in 20,000 for the period 1984-1990 8, 15 .
More important perhaps is the death rate in ASA 1 and ASA 2 status patients, i.e. what are the risks, purely from the anaesthetic, for a healthy person presenting for operation. In this series, 7 ASA 1 and 2 status cases were identified as having an anaesthesiarelated cause as the principal or contributing cause of death. The ASA status of the 830,000 people operated upon in this time is not known so it is not possible to deduce a death rate for ASA 1 and 2 patients. One can, however, say that each year some 166,000 operations were performed in Western Australia and each year one or two otherwise healthy people died from an anaesthetic mishap.
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